ABSTRACT To probe the. macromolecular structure of the scrapie agent and explore conditions for monomerization, the stability of the agent in low concentrations of inorganic ions was determined. A reduction by a factor of 105 in scrapie titer was found on exposure ofthe agent to .1 M KSCN or 0.3 M NaOH. In addition to the inactivation by thiocyanate ions, other chaotropic ions such as guanidinium and trichloroacetate inactivate the scrapie agent. Removal of thiocyanate ions by dialysis or glass permeation chromatography prevented the reduction in scrapie agent infectivity. Addition of equimolar amounts of (NH4)2SO4, a nonchaotrope, to preparations containing 1 M KSCN also prevented the loss ofscrapie infectivity. In contrast, neutralization ofthe alkali-treated fractions with HCI did not restore infectivity. Acidification ofpartially purified fractions did not cause inactivation of the agent but did result in precipitation of the infectious agent. Inactivation by rel atively low concentrations of chaotropic ions is consistent with many observations, all ofwhich suggest that the scrapie agent contains a protein component that is essential for the maintenance of infectivity. Thus, it is unlikely that the agent is composed only of a "naked" nucleic acid. Certainly, ifthe agent were a naked nucleic acid, its lability in alkali virtually eliminates the possibility that it is composed of a single-stranded molecule of DNA. A wealth ofexperimental data has established that inorganic ions play a significant role in determining the stability and reactivity of conventional viruses (1). Modification of the ionic environment can result in a variety of inactivation processes. The unconventional viral-like agent causing scrapie is extraordinarily resistant to thermal inactivation and unaffected by salts such as NaCl. However, the scrapie agent is exquisitely sensitive to the neutral salts of thiocyanate and trichloroacetate (2). The scrapie agent, which infects sheep and goats, is thought to be prototypic ofthe viral-like agents that cause two progressive and fatal neurological disorders in humans: Creutzfeldt-Jakob disease and kuru (3). In Enzyme-grade ammonium sulfate was purchased from Schwarz/ Mann. Potassium thiocyanate of analytical grade was obtained from Mallinckrodt. Proteinase K was purchased from Merck. The hamster-adapted scrapie agent was passaged and prepared as described (2).
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Assay of the Scrapie Agent. Scrapie titers were determined by measuring the incubation time intervals from inoculation to the onset of neurological illness and to death. Weanling female hamsters (LVG/LAK) were inoculated intracerebrally with 50 A1 of suspension at the dilutions indicated. This bioassay is a modification of the incubation-period assay (2, 4) .
Partial Purification of the Scrapie Agent. A partial purification of the scrapie agent from hamster brain was performed. Typically, 200 hamster brains were removed 60 days after intracerebral inoculation with a brain extract containing 107 mean infective dose (IDW) units ofthe scrapie agent. The brains were homogenized in 320 mM sucrose using a Polytron apparatus to give a 10% homogenate (wt/vol). The suspension was clarified by two successive low-speed centrifugations to yield fraction S2. Sodium deoxycholate (0.5%) was then added to the S2 fraction and stirred for 30 min at 4TC. The detergent extract was then centrifuged at 32,000 rpm for 16 hr at 40C in a Ti 15 zonal rotor. By using a specially designed zonal rotor core, the pelleted agent was recovered from the external wall of the rotor. The pellet (P3) was suspended in 20 mM Tris acetate, pH 8.3/1 mM EDTA. Fraction P3 was then digested with micrococcal nuclease (50 pug/ml) in the presence of 4 mM CaC12 for 16 hr at 4TC. Proteinase K (100 ,g/ml) and Sarkosyl (0.2%) were added for an additional 8 hr. The proteolytic digestion was terminated by the addition of phenylmethylsulfonyl fluoride (0.1 mM). Both digestions were performed at 40C to minimize association of the agent with cellular elements (5, 6 The publication costs ofthis article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. lected in 5-ml fractions and stored at -20°C until bioassays were performed.
RESULTS
The stability of the scrapie agent in various concentrations of several neutral salts was examined. As shown in Table 1 Addition of the nonchaotrope (NH4)2SO4 was also found to prevent or reverse the inactivation caused by KSCN (Table 3) . As shown, equimolar concentrations of (NH)2SO4 were sufficient for complete restoration of scrapie infectivity without removal of the KSCN. Infectivity could be retained on addition of (NHA)2SO4 whether the samples were held for 1 hr at 4°C or -20°C in the presence of 1 M KSCN. All samples were exposed to KSCN for 2 hr at 40C. Samples 3 and 4 were then held an additional 1 hr at 40C prior to (NH4)2SO4 addition while samples 5 and 6 were stored at -20oC during this period prior to (NH4)2SO4 addition. On completion of the experiment, all samples were stored at -200C for 3 or 4 weeks prior to assay at 1:10 dilution.
* Results represent mean ± SEM.
The digested fraction P3 was fractionated over a controlled pore glass column with 240 A pores at 40C in the presence of 0.2% Sarkosyl. Two distinct peaks with absorption at 260 and 280 nm were eluted from the column. The majority of the scrapie agent was found in the void volume but agent continued to trail throughout the chromatographic elution ( Fig. 2A) . In another experiment, digested fraction P3 was incubated for 2 hr with 1 M KSCN, prior to chromatography over the same column in the presence of 0.2% Sarkosyl (Fig. 2B ). As shown, KSCN markedly reduced the size ofthe initial A2 and A2 peaks and (14) .
Considerable evidence has accumulated showing that the scrapie agent may exist in extremely small forms and is capable of aggregating with cellular elements into large forms (5, 6) . The physical behavior of the scrapie agent during desalting by glass permeation chromatography is of interest with respect to aggregated forms ofthe agent. Whether the agent is disaggregated in 1 M KSCN and reassociates during the chromatographic process or continues to be aggregated remains to be established. Preliminary experiments with 1 M KSCN in the elution buffer of the glass permeation column suggest that the former may be the case. Further evidence favoring the existence of a dynamic system of association and dissociation comes from gel electrophoresis studies. Electrophoresis of preparations of the agent into Sarkosyl-agarose gels at 4TC results in distribution of the agent throughout the entire gel (4). Eluates from two widely separated regions ofthe gel were resubjected to electrophoresis on gels of the same porosity. Eluates from regions where DNA restriction fragments of Mr 15 x 106 and 1 x 106 migrate did not reelectrophorese to the same regions. Instead, scrapie infectivity was again distributed throughout the entire gel.
In contrast to the retention of infectivity on exposure to 1 M KSCN at 40C, OH-inactivates the agent under these conditions. Extensive inactivation of the scrapie agent by alkali was observed under conditions in which single-stranded DNA is generally stable but double-stranded polymers undergo denaturation (15) (16) (17) . It is of interest that a number of investigations have suggested the possibility that the scrapie agent possesses a DNA genome in part because of its extreme thermal stability (18) (19) (20) (21) (22) (23) (24) . However, the unusual UV-inactivation spectrum and the resistance of the agent to inactivation by nucleases has resulted in considerable speculation about the possible absence of a nucleic acid component (25, 26) . Renewed interest in a nucleic acid was prompted by the suggestion of Diener that the scrapie agent might resemble the RNA viroids ofplants (27, 28) . Viroids are infectious single-stranded RNA molecules that lack a protein coat. These infectious "naked" RNAs appear to derive their high degree of stability from their circular structure, which exhibits extensive base pairing (29, 30) . Recently, two groups of investigators have suggested that the scrapie agent might be composed of a low molecular weight DNA resembling the plant viroids (20, 21, 23, 24) . Attempts to confirm these observations have been fraught with difficulties (4). Our studies demonstrating the alkaline lability of the scrapie agent provide evidence that virtually eliminates the possibility that the agent is composed of a DNA viroid or single-stranded naked DNA.
Earlier studies on the scrapie agent in crude homogenates of murine brain showed a 10-fold loss of infectivity during a 24-hr period at 20C on exposure to pH values of 4.8, 3.6, 2.1, 8.4, and 10.5 compared with the titer at pH 7.0 (31, 32) . Our studies on scrapie agent in a partially purified fraction contrast with those earlier findings suggesting that pH has a minimal effect on scrapie infectivity. In fact, we have observed reduction by a factor of 102 in scrapie infectivity on exposure of the agent to NaCO3 buffers at pH 9.6 for 24 hr.
The cause of the alkaline lability of the scrapie agent is unclear. Further studies are required to determine whether there is a correlation between the loss of infectivity and the extent of RNA hydrolysis. In addition to the possibilities of hydrolysis of an RNA genome or denaturation of a double-stranded DNA genome, protein denaturation must also be considered. All attempts to inactivate the scrapie agent with nucleases have been negative to date. Fractions containing scrapie agent that were eluted from Sarkosyl-agarose electrophoretic gels have failed to show sensitivity to RNases, even at 70°C for 1 hr. Indeed, if protein denaturation is involved in the alkaline lability of the agent, then the protein is not readily renatured on return to neutrality.
